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Introduction
  Traditional Chinese Medicine is built on a foundation of more than 2,500 years of medical practice that 

includes various forms of herbal medicine, massage, exercise, and dietary therapy, primarily used as a 
complementary alternative medicine approach and becoming increasingly prevalent in Western culture. A 
basic premise maintains that the body's vital energy (chi) circulates through channels (meridians) that have 
branches connected to bodily organs and functions. It emphasizes dynamic processes with little emphasis 
on anatomical structures. The theory was that blood motion made possible the interaction between Ying 
and Yang.

  Hippocrates (460 BC-370 BC) of Kos, Greece is referred to as the Father of Modern Medicine after 
whom the Hippocratic Oath is named. The four humors of Hippocratic medicine are black bile, yellow bile, 
phlegm, and blood. He is credited with greatly advancing the systematic study of clinical medicine. He 
proposed that the liver and the spleen were the central organs within which blood was constantly produced 
and then traveled to the heart to be warmed or cooled by the air entering the lungs via the trachea.

  Galen (129-216 AD) of Pergamum, Greece was a prominent acupuncture physician, surgeon, and 
medical researcher of antiquity. He influenced the development of anatomy, physiology, pathology, 
pharmacology and neurology as well as philosophy and logic. Galen's theory of the physiology of the 
circulatory system postulated that there were two kinds of blood: bright red carried by the arteries and dark 
red carried by the veins. He believed that it was the pulsations in the walls of the arteries that propelled the 
bright blood forwards; the darker blood carried by the veins was produced by the liver and the bright blood 
carried by the arteries was produced within the heart. Galen’s concepts endured until William Harvey’s 
1628 published treatise De motu cordis.

  Ibn al-Nafis (1213-1288) of Damascus was an Arab physician who first described the pulmonary 
circulation of the blood. He also performed several human dissections and was a prolific author of medical 
textbooks.

  William Harvey (1578-1657) of Folkestone, England was the first physician known to describe 
completely and in detail from precursors of the theory the systematic circulation and properties of blood 
being pumped to the brain and body by the heart.

  Michael E. DeBakey (September 7, 1908 – July 11, 2008) from New Orleans, Louisiana was an 
American surgeon and visionary who set the basis for the cardiopulmonary machine, which allowed for in-
and ex-vivo open heart surgeries. This revolutionized the treatment of coronary artery disease as well as a 
myriad of other cardiac and vascular pathologies. DeBakey was Chancellor Emeritus of Baylor College of
Medicine and Senior Attending Surgeon at Methodist Hospital in Houston, Texas. 
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Microcirculation 
Wiernsperger and Bouskela (2003) described the microcirculation consisting of a dynamic “organized 

chaos” of empty-filled capillaries, fluxmotion, and metabolic, physical, humoral, and nervous mechanistic 
processes. 
 

 
 
Figure 1. Endothelial barrier function (Yuan and Rigor, 2010). Arteries (red, right): Large 
(macrocirculation); Medium (Resistance) 50-100µm, 20-35mmHg; and Small (microcirculation) 
5µm. Veins (blue, left): Large, CVP 2-6mmHg; Medium 3-100µm, 30mmHg; and, Venules 8-30µm, 
12-15mmHg. Source: https://www.studyblue.com/notes/note/n/heart-blood-vessels-exam-4-
final/deck/12865100. 

 
Medium-sized arterial vessels regulate blood pressure. Small-sizes arterial vessels support the 

“nutritive structure”, are of 5µm diameter, 15-20 capillaries, consist of a single endothelial cell layer as 
opposed to a basement membrane and their permeability varies from organ to organ (Wiernsperger and 
Bouskela, 2003). 
 

 
 

        
 

	
                

             
                 

        

Figure 2. Capillary permeability: nutrient/waste and gas exchange.
https://www.studyblue.com/notes/note/n/circulation-and-blood-pressure-regulation/deck/16648055.

  The main role of capillaries is the exchange of gases (oxygen and carbon dioxide), nutrient transport 
and waste removal. The hydrostatic pressure at the arteriole-venule interface regulates vessel permeability 
varying from <3nm (tight or moderate) to >3nm (fenestration). The regulation of flow is dependent on the
arteriolar myogenic response, veno-arteriolar reflex, and pre-capillary arteriolar vasomotion. 
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Arteriolar vasomotion is coupled with the unique role of Nitric Oxide (NO) in the control of blood flow 
(Pohl and De Wit, 1999). Endothelium-Derived Hyperpolarizing Factor (EDHF) is a substance and/or 
electrical signal that is generated or synthesized in and released from the endothelium. EDHF acts to 
hyperpolarize and relax vascular smooth muscle cells, which allows the blood vessel to expand in diameter 
(Pohl and De Wit, 1999).  Slow-wave arteriolar contraction causes high amplitude (1-10 Hz) oscillations 
of membrane potentials (Intaglietta, 1990; Bartlett et al., 2000). 
 

 
 

          
 

            
             
                

              
  

 
                 
           

                
       

 
 

                
             

            
             

             

Figure 3. Capillary vasoconstriction and vasodilation (Kolka and Bergman, 2012).

  Vasoconstriction is not necessarily bad. Large and medium vessels (macrocirculation) determine the 
blood volume. Capillaries (microcirculation) are regulated by perfusion. When this delicate balance is 
altered changes in any of the three main components of microcirculation occur. Pressures in the capillary 
bed change resulting in capillary hypertension and thus increased permeability triggering tissue edema with 
associated changes.

  The Centers for Disease Control (CDC, 2015) reports the leading causes of death in USA as heart 
disease, cancer, chronic lower respiratory diseases, accidents, stroke, Alzheimer’s disease, diabetes, 
influenza or pneumonia, nephritis, nephrotic syndrome or nephrosis, and suicide. At least nine of the causes 
involve pathological states at the microcirculation level.

Diabetes
  Diabetes induces vessel wall sclerosis affecting the ability to distribute blood flow to the retina, renal 

cortex and peripheral nerve (McMillan, 1984). The veno-arteriolar reflex is lost. Capillary hypertension 
and hyperperfusion become shunt pathways. Capillary narrowing from thickening of basement membrane 
or Glycocalyx results (Wiernsperger and Bouskela, 2003). The arteriolar vasomotion is blunted as
evidenced by 47% without and 82% with neuropathy that had slow-wave vasomotion affected. Functional 
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capillary density decreases in 50% of diabetic animals (Wiernsperger and Bouskela, 2003). Chronic 
hyperglycemia (advance glycation products) affects permeability. There is increased permeability in the 
kidney and retina.  
 
Sepsis 

An inflamed microcirculation is key in impaired homeostasis in sepsis coupled with decreased NO and 
iNOS production that triggers a blunted arteriolar myogenic response. This can result in a damaged or 
destroyed Glycocalyx (Asha et al., 2009). The arterioles become hyporesponsive. Perfused capillaries are 
reduced in number and venules are obstructed by sequestered neutrophils (Asha et al., 2009). Shunting 
occurs from arterioles to venules and the pO2 gap (mppO2 Δ vppO2) serves as indicator of the severity of 
shunting. 
 
Heart disease, Stroke, Limb ischemia, Transplant  

Ischemia is a reperfusion injury from oxidative stress with endothelial barrier damage. Reactive oxygen 
species are at the center of most pathological membrane changes (Yuan and Rigor, 2010). 
 
Nerve compression 

During nerve compression the arteriolar myogenic reflex is lost and capillary hypertension and edema 
result. Two peaks occur after injury: one week after radius and size increase but a decrease in number; and, 
after six weeks a frank proliferation (Yueming et al., 2013).  
 
Pulsed Electromagnetic Field (PEMF) 

There exists controversy in the literature regarding the effects of magnetic fields. Some studies 
demonstrate vasoconstriction after exposure to magnetic fields, yet vasodilation after exposure to PEMF is 
possibly a response to vasoconstriction. 

 

 
 

           
 

  
                 

                   
                

                 
  

 
 

               
               

              
               

                 
               

Figure 4. Proprietary PEMF wave form (10 Hz and 30 Hz).

Preliminary study
  Individuals were exposed to PEMF in a Helmholtz coil configuration for 8 minutes (n=3) to a magnetic 

field of 3 to 5 gauss. The blood flow assessment consisted initially of a TCO2 and duplex ultrasound. The 
results assessed in medium size arteries (not in the microcirculation) showed an increased blood flow of 
12-151%. Assessing blood flow, perfusion and oxygen exchange at the capillary bed will be key to assess 
PEMFT effects.

Conclusion
  It is interesting to note from a review of the history of biochemistry, physiology, pathology, 

pharmacology, etc., how advances and discoveries in these fields have not always been understood, nor 
immediately accepted. Time, effort, and further validation research have been pivotal in incorporating that 
knowledge into our daily practice. With a better understanding of the physiology and pathophysiology of 
microcirculation we have entered a new era in diagnosis and treatment of countless diseases. It has also
opened the door for new approaches in the management and treatment of these conditions. Some options, 
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which in the past seemed irrational due to a lack of knowledge, have become viable treatment alternatives. 
One of these is, without a doubt, is the use of Pulsed Electromagnetic Fields. The plasticity to manipulate 
the pulses and the effects on microcirculation physiology make them a viable alternative. An array of 
research literature has begun to flood scientific journals. I believe that we are on the threshold of a new 
therapeutic era for microcirculation disorders and the pathology they trigger.  
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